In this work it was evaluated the physicochemical quality of lamivudine + zidovudine tablets, whose association belongs to the list of drugs distributed by the Brazil's National Program on Sexually Transmitted Diseases and AIDS. Four non-generic products (lamivudine + zidovudine tablets) were analyzed. They were obtained from different Brazilian manufacturers, besides a reference product. The quality was evaluated by physicochemical tests described in the official codes. A validated reversed-phase high performance liquid chromatography (HPLC) method was used for the assay of the active substances. All samples were in accordance to the requisites in relation to their physicochemical characteristics. Dissolution studies showed similar drug percentual dissolved among all samples. The results reflect the interest of the national pharmaceutical industry to ensure the delivery of safer and cheaper drugs to the Brazilian people, with particular importance in the National Program on Sexually Transmitted Diseases and AIDS.
Since the discovery of acquired immunodeficiency syndrome (AIDS) in 1981, it has been obtained considerable progress in development of anti-HIV (human immunodeficiency virus) therapy. Nucleoside reverse transcriptase inhibitors (NRTIs) were the first class of drugs that were introduced as antiretroviral agents for the treatment of infection with HIV [1] . Zidovudine was the first chemical substance which showed an anti-HIV activity, in 1985 [2] . Combined antiretroviral therapy is preferentially adopted in relation to the monotherapy, as the first choice for the treatment of HIV-positive patients [2, 3] . Lamivudine administered in association with zidovudine is an effective agent for the treatment of symptomatic as well as of asymptomatic patients [3] . After 1996, with the advent of highly active antiretroviral therapy (HAART), like protease inhibitors, and respective therapeutic protocols, a new course in the history of the HIV/ AIDS epidemic has been observed. In Brazil, some public policies targeting health services were created to guarantee the universal access of patients to HAART, which were decisive to decrease the morbimortality rates and increase the quality of live of HIV/AIDS patients [4] [5] [6] [7] .
Therapeutic use and commerce of tablets containing the association of lamivudine and zidovudine are well established in Brazil. They belong to the role of eight antiretroviral agents manufactured in Brazil. Among the priorities of the Brazil's National Program on Sexually Transmitted Diseases and AIDS are the amplification of the program coverage, the guarantee of the universal and free access to the antiretroviral treatment and the increase in the national capacity to manufacture this class of drugs [8, 9] .
Marins and co-workers [10] showed in a specific study that the introduction of HAART in public health services seems to be the major responsible for the increase of life expectancy in people living with HIV/AIDS. In this way, in Brazil, many efforts have been made to improve the national manufacturing of antiretroviral drugs by official and/or national pharmaceutical laboratories. Today, 80% of the amount reserved to the acquisition of antiretroviral agents are destined to import expensive and patented medicaments, whereas only 20% are destined to the acquisition of national products [11] . These aspects become of high importance considering that the costs of antiretroviral medicaments can represent the most expensive item in the HIV treatment, reaching more than 80% of the total amount [12] .
Considering that the quality of medicines manufactured in national and international pharmaceutical laboratories is intimately related to the success in the anti-HIV treatment (decrease in mortality rates, increase in quality of life of AIDS patients), the objective of this work was to evaluate the quality of four non-generic products (tablets) from different Brazilian laboratories, containing the association of lamivudine plus zidovudine (150 mg + 300 mg). All the results were compared to a reference product. The study evaluated the physicochemical characteristics of the tablets directly related to their quality such as: mean weight, hardness, friability, disintegration time, identification, assay (lamivudine and zidovudine), uniformity of content, and dissolution test.
Materials and Methods

Reagents and Solvents
Chemical reference substances -lamivudine (3TC) and zidovudine (AZT) -were kindly supplied by Laboratório Cristália (São Paulo, Brazil). Four samples (B, C, D and E) of tablets containing lamivudine plus zidovudine (150 + 300 mg) obtained from four different Brazilian manufacturers' laboratories have been analyzed, as well as the reference product (Biovir®, GlaxoSmithKline -sample A). All batches were in accordance to their expiration date. Methanol (HPLC grade), reagents and solvents of analytical grade (ammonium acetate, chloride acid, ammonium hydroxide and glacial acetic acid) were used as received.
Physicochemical Analyses of Tablets
Mean weight, friability, hardness and disintegration time were evaluated according to the methodologies described in the Brazilian Pharmacopoeia [13] .
Assay, Uniformity of Content and Identification of Active Substances in Tablets
Quantitative analyses were carried out using high performance liquid chromatography (HPLC) with detection at 270 nm, using as stationary phase a LiChrospher ® 100 (RP-18, 125 x 4 mm, 5 μm, Merck, Darmstadt, Germany). Mobile phase was composed by a mixture of methanol and acetate buffer (60:40 v/v), pH 6.5, at a flow rate of 1.0 mL.min -1 . The chromatographic system was validated according to the following parameters: linearity, accuracy, precision, specificity and concentration range [14] . The equipment was constituted by two Shimadzu LC-10AD pumps, UV/VIS SPD 10AD detector and a Shimadzu auto sampler (Shimadzu, Tokyo, Japan). Chromatograms were obtained and analyzed by Class-VP ® software (Shimadzu, Tokyo, Japan).
Preparation of Sample Solutions
For the assay, initially, the mean weight of 20 tablets was determined, which were comminuted to a fine powder. An aliquot equivalent to 150 and 300 mg of 3TC and AZT, respectively, was transferred to a 200 mL volumetric flask with 100 mL HCl 0.1 M. The samples (n = 3) were mechanically agitated for 20 minutes. The volume of the volumetric flask was adjusted to 200 mL with HCl 0.1 M. Samples were centrifuged and the supernatant diluted to obtain a final concentration of 30.0 and 60.0 μg.mL -1 , for 3TC e AZT, respectively [14] . For the evaluation of uniformity of content, 10 tablets were individuality transferred to 10 different 200 mL volumetric flasks and submitted to the same process as described above for the assay. All the solutions were filtered (0.45 μm) before injected in HPLC system.
Preparation of Chemical Reference Substances Solutions
Seventy-five mg of 3TC and 150.0 mg of AZT were accurately weighed and transferred to a 100 mL volumetric flask. After solubilizing the reference chemical substances in the mobile phase, the volume of volumetric flask was adjusted to 100 mL and the sample was appropriately diluted to final concentrations of 30.0 and 60.0 μg.mL -1 of 3TC and AZT, respectively [14] . All the solutions were filtered (0.45 μm) before injected in HPLC system.
Identification of the active substances (3TC and AZT) was carried out by comparison between the retention time of the chromatographic peaks from each sample solution and its respective chemical reference solution [14] .
Dissolution Test
Dissolution test was carried out using as a dissolution medium 900 mL of distilled water, at 37 ± 0.5 ºC (Pharma Test PTWII, Hamburg, Germany). After the immersion of the tablets, the agitation was done by paddle at 50 rpm, during 30 minutes [15] . After the specific time, samples of 20.0 mL were collected from each vessel (n = 6) and centrifuged. These supernatants were adequately diluted to obtain a concentration of 30.0 and 60.0 μg.mL -1 of 3TC and AZT, respectively. The samples were filtered (0.45 μm) and analyzed by HPLC, according to the methodology previously described. Although Brazilian Pharmacopoeia [13] recommends the evaluation of additional stages of some samples, which would be not in accordance to the current specifications, in this work we evaluated the dissolution time in only one stage because of the high cost of the medicines used as samples.
Results and Discussion
Considering the great importance of the national medicines for the public policies of free distribution of medicines used in the treatment of AIDS, maintained by the Brazilian Ministry of Health, and their important contribution to decrease the costs of these programs, it was carried out a comparative study of the physicochemical quality of some non-generic products (tablets) available in the Brazilian national market, containing the association of lamivudine and zidovudine (150 + 300 mg). Four samples provided by different national laboratories were analyzed, according to the pharmacopeial requirements and the results compared to the reference product (Biovir®, GlaxoSmithKline).
Initially, it was evaluated the physicochemical characteristics of the tablets. Table 1 shows the data from mean weight, hardness, friability and disintegration time. Mean weight, obtained from individual weights of 20 tablets, gives information about the variations in weight in tablets of the same batch, being one of the parameters which could influence the active uniformity of content among different tablets [16] . Hardness and friability tests evaluate the resistance of tablets to crushing and to friction, respectively [16] . According to the Brazilian Pharmacopoeia [13], tablets should have a minimal hardness of 30 N and maximum friability of 1.5%. Adequate values are necessary to guarantee that the tablets will remain intact during the manufacture, packing and transport process, as well as at the drug administration moment [16] . Determination of disintegration time evaluate the time necessary for the fragmentation of tablets in smaller granules, being a method that can predict the solubilization rate of active substances (dissolution rate), which become available to organism absorption [16] . All samples presented a weight variation below 5 %, hardness ranged between 47 and 222 N, meeting pharmacopeial specification (30 N). In the friability test, the tablet samples showed a loss of powder lower than 0.5 % in compliance to the specification (max. 1.5 %). All samples presented a disintegration time (7-12 min) lower than 30 min [13] . Therefore, the results presented in Table 1 showed that Quality Control of Lamivudine + Zidovudine Tablets all evaluated products, including the reference product, were in accordance to the official specifications. These results are a guarantee that the tablets remain intact during all production stages. Moreover, they do not show any indicators of variability in active substances among different dosage units, indicated by the low mean weight variation.
In sequence, it has been assayed the active substances (lamivudine and zidovudine) and determined the uniformity of content in the tablet samples. The results of drug assay and uniformity of content are presented in Table 2 . The drug assay is a test to compare the theoretical quantitative contents of active substances in dosage forms (declared value) to the real values, determined experimentally by their quantification using well established and validated methods. The analysis of the uniformity of content evaluates the drug dose variation among each unitary dosage form.
Regarding the evaluation of the samples assay and its relation to the respective chemical reference substances, all products showed a drug content between 90% and 110% of the declared value for both active substances. These values are within the acceptable limits established by most of the official codes. However, using a statistical variance analyses (ANOVA, p ≤ 0.05), it could be showed a difference in drug content among all products, excepting samples C and D, which were considered statistically similar. In relation to the uniformity of content test (Table 2) , all samples met the general specification for tablets (85%-115%, RSD ≤ 6.0%) [13] . Moreover, by the chromatographic methods used for active substances assay it was possible to attest the identities of lamivudine and zidovudine, comparing the retention times among chemical reference substances and the different tablet samples (3TC: 2.37 min; AZT: 3.31 min).
In Table 3 , the results obtained in the dissolution test using distilled water as medium are shown [15] . This test evaluates, among other factors, the rate in which the drug substances become soluble and available to be absorbed by the human body [16] . From the dissolution test results (Table 3) , it can be observed that all samples showed a mean release higher than 85% after 30 minutes. However, according to the general specifications from the Brazilian Pharmacopoeia [13], this mean is not the only factor to be considered in the analyses of the results obtained from a dissolution test of solid dosage forms. The individual behavior of each unit must be considered. Since there is no official monography to establish the mean percentual release from lamivudine + zidovudine tablets, we carried out only the comparison of the means after 30 minutes. Statistical analysis (ANOVA, p ≤ 0.05) showed no difference of the mean percentual release among all tested samples (A, B, C, D and E), considering both drug substances (3TC and AZT), confirming the results observed in the physicochemical tests, showing that any tested product (A, B, C, D and E) present a quality deviation.
Conclusion
The results obtained in this comparative study of the physicochemical quality of lamivudine + zidovudine tablets manufactured in Brazil demonstrated that all products met the requirements in relation to the mean weight, hardness, friability, disintegration time, assay, drug identification and uniformity of content, being comparable to the reference product. The dissolution test showed mean percentual release results higher than 85 % of both drug substances for all samples. The results reflect the interest of the national pharmaceutical industry to ensure the delivery of safer and cheaper drugs to the Brazilian people, with particular importance in the National Program on Sexually Transmitted Diseases and AIDS. Although it was not showed quality deviation of the tested products in this work, it must be emphasized the importance of this kind of study, as a scientific mean to divulge information about the quality of medicines distributed by the official public health programs. Specifically in the case of antiretroviral medicines, it would be considered that the guarantee of the quality of them is closely related to the decrease in the morbimortality rates, besides the aspects of adhesion and free access to therapy. Although the set of data obtained in this study demonstrated that all samples met the general physicochemical quality parameters for tablets, equivalence and bioequivalence studies must be carried out to attest the interchangeability of these products. Table 2 . Assay (n = 3) and uniformity of content (n = 10) of 3TC and AZT tablets (150 + 300 mg) from 5 different manufacturers (A, B, C, D and E) 
